Introduction
Despite improved understanding of paediatric pain physiology and clinical pharmacology, children remain vulnerable to both medication error and ineffective analgesia prescribing. [1] [2] [3] Medication errors are the most common in-hospital errors, occurring three times more often in paediatric compared to adult patients. [3] [4] [5] Variations in organ maturity and the inability of children to report adverse drug reactions make medication errors potentially more harmful. 4 Lack of knowledge about good prescribing practice and weight-based prescribing in children increases the risk for medication error, 1, 6 with incorrect dosage accounting for the majority of errors. 3, 4 Effective analgesia should be multimodal and tailored to both child and procedure. Nonsteroidal anti-inflammatory drugs (NSAIDs) are a crucial part of multimodal treatment of pain in children 7, 8 including musculoskeletal injuries and acute fractures. [9] [10] [11] South Africa has a high burden of paediatric accidental and non-accidental injury and sepsis, often requiring orthopaedic interventions. 12 These and children in other lowand middle-income countries (LMICs) are at increased risk for pain and suffering compared to their high-income country counterparts, yet there is a paucity of published literature from Africa regarding paediatric pain management or good prescribing practice (GPP). 13 The primary objectives of the study were to evaluate the types of analgesia prescribed as well as prescribing and dispensing practice in a specialised referral paediatric orthopaedic centre. This allowed us to ascertain if the principals of good prescribing practice and the use of multimodal analgesia had been adhered to.
Methods
We performed a retrospective audit of prescription charts from February 2013 to October 2013. The study was performed at a tertiary referral hospital in Durban, South Africa. Eligibility criteria included children aged 6 months to 12 years who had undergone one or more orthopaedic procedures in theatre and a minimum of an overnight admission. Exclusion criteria were children who were admitted to high care or intensive care and those with epidural or regional catheter infusions. Patients who had surgery for Blount's disease or slipped upper femoral epiphysis were also excluded due to their association with obesity thus making Postoperative paper-based prescription charts were written by a member of the paediatric orthopaedic surgery team after each procedure and only these prescription charts were analysed.
The following data were collected from these prescription charts: classes of analgesia prescribed, dosage, whether documented in milliliters (ml), milligrams (mg) or drops, dosing intervals, route of administration and proof of administration as given by the presence of a date and signature. The South African Society of Aneasthesiologists (SASA) Acute Pain guideline was used as a source for correct milligram per kilogram dose for the analgesics described in this study. 15 Dosing error was considered if the prescribed dose was not within ± 10% of the recommended dose. Dosing errors were divided into two categories: either under dose or overdose.
The World Health Organisation (WHO) advocates a systematic 6-step process for the safe and rationale prescribing and dispensing of medication. 16 With this as a guide the composite variables used to define good prescribing practice (GPP) were the presence of the following information on each prescription chart: patient name, hospital number, procedure/pathology, allergies and weight. The inclusion of these variables on medication prescription chart is an important part of safe prescribing as they help ensure the correct patient receives the correct drug for the correct reasons.
In the absence of a documented weight on the prescription chart, one was sought on the anaesthetic record or inpatient notes and used if available. If the child's weight was unavailable, the Advanced Pediatric Life Support (APLS) weight for age formula, (weight (kg) = (age+4) x 2) was used to estimate a weight for the child. 17
Statistical analysis
No pre-specified sample size was calculated but a minimum sample of 150 charts was considered a representative sample. Means and standard deviations (SD) are reported for normally distributed data; median and inter-quartile range (IQR) for data not normally distributed. The χ2 test and Fisher's exact test were used for categorical data, and independent samples t-test, Kruskall-Wallis, or Mann-Whitney U test for continuous data where appropriate. All p-values are reported to three decimal places and statistical significance was defined as a two-sided p-value < 0.05. All data analyses were performed using SPSS 25.0 (SPSS, IBM, Chicago, IL).
Results
A total of 421 potential patients were identified between 1 January 2013 to 31 October 2013, with a final recruitment of 202 patients. There were 232 operative visits and 257 prescription charts available for analysis ( Figure 1 ).
The characteristics of the cohort are displayed in Table 1 . Median patient age was 6 (IQR 3.0-9.0) Most children had an intermediate (57.8%) or major (38.4%) grade of surgery. The majority (68.0%) of patients presented for emergency surgery, however, patients in the 6 months to 6 years age category were more likely to undergo elective than non-elective surgeries (p < 0.001). A documented weight was available in 85% of children and the remainder of weights were calculated based on the APLS formula. Table 2 is a summary of analgesic drug prescribing practice. Of the 257 charts analysed, 254 (99%) had paracetamol and 208 (81%) had an opioid prescribed. Nonsteroidal anti-inflammatory drugs (NSAIDs) were prescribed in 49 (19%) of the 257 charts.
Underdosing was evident in all analgesic classes, with 193 (76%) paracetamol doses, 30 (61%) NSAID doses and 103 (61%) opioid doses being lower than the recommended individual divided dose. The median 24-hour dose for paracetamol was 30 mg/kg (IQR 24-44 mg/kg). There were 26 analgesic orders that were above the recommended individual dose: thirteen Tilidine hydrochloride, one Omnopon® and two tramadol doses. Paracetamol had ten orders above the recommended individual dose; however, due to incorrect dosing interval only two of these resulted in a higher than recommended 90 mg/kg maximum 24 hour dose (100 mg/kg/24 hours and 143 mg/kg/24 hours). Dosing intervals were written in Latin nomenclature in 245 (97%) paracetamol prescriptions, 43 (85%) NSAID prescriptions and 186 (89%) opioid prescriptions. The minority of prescriptions were correctly prescribed as 'hourly' . Dosing intervals were correct in 67 (26%) paracetamol prescriptions, and only eight of these scripts also had the correct nomenclature i.e. 6 hourly. Most paracetamol intervals, 180/257 (71%), were documented as 'TDS' (i.e. ter die senmundum). Intervals were correctly documented in 41 (84%) NSAIDs and 154 (74%) opioid prescriptions.
There were no prescription charts in which all the requirements for GPP were complete ( Table 3 ). "Name" was the most completely documented (96% of prescription charts) followed by hospital number, age and procedure. The presence or absence of an allergy was only documented in 117 (55%) charts. "Weight" was the least frequently documented with only 8 (3%) prescription charts displaying this information.
Scheduling without a pro-re-nata (i.e. "as needed" or PRN) caveat was prescribed for 246 (97%) paracetamol, 48 (98%) NSAIDs and 120 (58%) opioid prescriptions. There was no paracetamol or NSAID prescriptions in which the interval was written as PRN only, compared to 48 (23%) opioid prescriptions that were written as PRN only (Table 4 ). For drugs prescribed in a scheduled manner (i.e. "around the clock" or ATC), paracetamol was dispensed correctly in 162 (66%) charts, NSAIDs in 36 (75%) and opioids in only 18 (15%) of charts.
There was no difference found between severity of the surgical procedure and classes of analgesics prescribed ( Table 5 ). For patients undergoing minor surgery, only 11% had a NSAID prescribed yet more than three-quarters of these children had an opioid prescribed specifically for that minor procedure.
Discussion
The key findings of this study are that all classes of analgesics were underdosed and NSAIDS were only prescribed for 1 in 5 orthopaedic procedures. 
Available for inclusion 292 prescription charts(64%) 267 OT visits(62%) 237 children(56%)
Included n. 257(56%) -total number of charts n. 232(54%) -number of OT visits n. 202(48%) -total number of children dispensing practice were also not adhered to and no prescription chart was correct for all aspects of GPP.
An important part of safe and effective paediatric pain management is appropriate prescribing and dispensing of analgesic medication. Drug errors are common in children and include the incorrect drug, route of administration, interval, known allergy and contra-indications. [3] [4] [5] Incorrect dosing is the most common, accounting for almost three quarters of paediatric drug errors. This is likely related to the need for age and weight-related dosage calculation, unlike the routine fixed dose regime commonly used in adults. 3, 5 Dosing error is a pervasive problem that has been highlighted in paediatric prescribing practice for decades without much resolve. 18 The finding in our study that most doses were under or over the recommended dose, confirms this problem. Paracetamol was the most often incorrectly dosed with more than threequarters of individual paracetamol doses being underdosed. Only 1 in 4 prescriptions had the correct dosing interval resulting in a median 24-hour dose of 30 mg/kg (IQR 24-44 mg/kg) which is less than one third the recommended maximum 24-hour dose of 90 mg/kg. These results are similar to those found in a recent paediatric prescription chart review where analgesics were the most commonly underdosed drugs with 77% of paracetamol doses being lower than the suggested dose. 19 The authors suggested that lack of knowledge and skill at calculating weight based formulas, high physician work-load, unclear prescribing guidelines and multiple dosing formulations of one drug were some of the possible reasons for the high rate of dosage error in their study. It has also been proposed that the frequent rate of paracetamol underdosing could be due to clinicians being oversensitised to the risks of overdosing and less concerned about treatment failure associated with underdosing. 20 The reasons for the high rate of dose error in this study are not clear. However, the finding, in conjunction with the high rate of incorrect interval and dose nomenclature, points toward "knowledge based errors" described by Sutcliffe et al. 18 This suggests that the prescribing doctors lack the knowledge, skill or confidence needed to adhere to the age and weight-related rules of paediatric dosing. Potential steps that could be taken to reduce dosing error include continued medical education about weight-based dosing in paediatrics, dose calculation training and the implementation of institution and patient specific analgesia protocols. Clinicians also need to be made aware of the importance of correct analgesic dosage. The risks of underdosing and associated treatment failure should receive the same attention as the risk of overdosing. 19 An important finding in this study was the low rate of NSAIDs prescribed: only 19% of charts contained a NSAID order. There is well documented evidence that NSAIDs play a critical role in the prevention and treatment of moderate to severe pain in children, as well as a crucial role in the concept of multimodal analgesia. 7, 8 They have also been shown to be successful in the treatment of pain due to musculoskeletal injury and acute fractures in children. 9, 10 NSAIDs appear to be under-utilised for the treatment of bone fracture pain due to clinical concern that their use may delay bone healing. This well documented misconception appears to have originated from various low quality animal and adult human studies that produced conflicting results. 9, 21 As a result, clinicians have for many years felt obliged to avoid NSAIDS in this population group. 22 However, following a critical literature review and a meta-analysis, authors agree that when only high quality studies were assessed there was no increased risk of non-union or delayed fracture healing associated with the use of NSAIDs. 9, 21 Evidence from recent studies done specifically in children provides further support for the safe use of NSAIDs as no significant association between a short course of ibuprofen administration and complications with bone healing were found. 10, 23, 24 Withholding NSAIDs may also increase the need for opioids to deal with pain, increasing opioid exposure and risks. 25 Opioids were commonly prescribed in our study with 81% of charts containing an opioid order. There was no significant difference in the percentage of opioids prescribed for minor, intermediate and major surgery (p = 0.178). Of concern was that following 13% of major bony surgeries no opioid was prescribed. This suggests a lack of tailoring of postoperative analgesia to the patients and their procedure.
In our study opioid prescriptions had a greater rate of PRN interval instruction (both with and without an hourly interval instruction) compared to other analgesic classes. In addition, opioids, even when prescribed as ATC, were two to three times more often dispensed incorrectly (i.e. not given) compared to paracetamol or NSAIDs. These findings are not unique to our study. Multiple reviews have noted that the stronger a drug is perceived to be the more likely it is to be prescribed in a PRN fashion and the less likely it is to be administered. 26, 27 A significant flaw of the 'pro-re-nata' order is that it relies on the dispenser of medication to identify a child in pain. Multiple factors such as dispensers' clinical experience, personal pain beliefs as well as systemic issues such as staff shortages, lack of time and institution specific pain assessment tools and protocols all play a role in dispensing practice. Without a trained individual using an age appropriate pain scoring system, relying on a nurses' instincts to identify a child in pain has been shown to be extremely subjective and unreliable. 28 Discouraging the use of PRN prescribing could be valuable at our institution as no acute pain team or acute pain protocols exist and nursing staff shortages are a significant challenge. Multiple studies have demonstrated that analgesic drugs (both opioid and nonopioid) are more likely to be administered if prescribed at regular intervals. 26, 27, 29 In this study, no prescription charts fulfilled all the criteria for good prescribing practice. The presence or absence of an allergy was missing in just under half the prescription charts and only 3% had a documented weight. This is concerning, especially in a population where weight-based dosing is paramount. In the absence of a computerised prescription system, hand written charts should be completed meticulously to ensure patient safety.
Study strength and limitations
Limitations of this study include its retrospective nature and the inability to retrieve 46% of theatre visit files as they were lost or misplaced in the site's paper-based archive system. Despite this, the 257 prescription charts that were recovered were deemed a representative sample. While only 3% of prescription charts had a weight documented, a patient weight could be retrieved in 85% of cases from the inpatient case notes or anaesthetic record. Weight-for-age based calculations were therefore required for 15% of prescription chart analyses. The inclusion of these charts may be questioned, however the APLS weight-for-age calculation has been validated in a South African study and was deemed appropriate for use. 17 Although this study clearly demonstrates the inadequacies of analgesic prescribing and dispensing at the study site, it cannot give any information about the clinical presence or quality of pain management in the study population. Similarly, dosing error that could have resulted in treatment failure or toxicity cannot be established.
This was a single centre study focusing on a specific patient population which may limit external validity. However, the site has a high annual paediatric orthopaedic case load and as a tertiary referral centre, serves upward of three million children.
The hospital is also attached to a nursing college and is the main university training platform for medical students and registrars in KwaZulu-Natal (KZN). The findings from this study and any remedial interventions which follow will thus impact positively on a large patient population and assist in the future education of trainee doctors and nurses. Remedial interventions for consideration at the study site include the development and implementation of institution specific paediatric acute pain management and analgesia prescribing guidelines. Highlighting the importance of correct paediatric analgesic prescribing and dispensing to doctors and nurses through training and lectures would also be imperative. Further, it is recommended that the anaesthetic team take a more proactive role in paediatric perioperative analgesia prescribing as this is currently not common practice in the public hospitals of Durban, KZN.
Conclusion
This study demonstrates a high rate of paediatric analgesic drug error, with incorrect dosing being a significant finding. Notably there were no charts that fulfilled the criteria for good prescribing practice. Potential under-utilisation of NSAIDs in this orthopaedic population is also noted. While the exact cause of these results cannot be identified, a potential explanation is that the prescribing doctors either lack the knowledge or confidence needed to adhere to the age and weight-related rules of paediatric dosing. Issues pertaining to paediatric analgesia prescribing and dispensing in South Africa have been highlighted and should be targeted by institution and population specific interventions.
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